Ocimum species (Lamiaceae) have aroused great interest to the scientific community with respect to different biological properties attributed to their essential oils. The seasonal variation and antioxidant and fungical activities were carried out for the essential oil of Ocimum campechianum. Its essential oil showed an excellent yield (0.5-5.3%) throughout the season. The essential oils of leaves/stems and inflorescences were analyzed by GC and GC-MS to identify their volatile constituents and associate them with the antioxidant and antifungal activities. Methyleugenol was the main component in the leaves/stems (80.0-87.0%) and inflorescences (75.3-83.5%). The essential oil and the methyleugenol standard showed low antioxidant activity (<40%) against DPPH radical, but high antifungal activity against Fusarium oxysporum and Colletotrichum gossypii phytopatogens as well as the mycelial growth and spore germination of the fungi. The high levels of methyleugenol coupled with good fungicidal activity give great agroindustrial potential to this Ocimum species.
The chemical analysis of essential oils obtained from O. campechianum has been the subject of several studies with results of some chemotypes with predominance of phenylpropanoids and terpenoids as monoterpenes and sesquiterpenes [4] . The chemotype 1,8-cineole (61.75%) and sabinene (16.4%) were identified for two specimens collected in Piauí State (Brazil) [5] . β-Caryophyllene (78.6%) and 1,8-cineole (13.0%) were the main compounds in a specimen collected in Maranhão (Brazil), and these compounds were identified in the oil of a specimen collected in Germany [4, 6] . Until now, however, no seasonal studies have been described in the literature.
The aim of the present work was to evaluate the seasonal influence in the yield and chemical composition of the essential oil of O. campechianum from the Amazon and to determine its fungicidal and antioxidant activities.
The Amazon climate is characterized by two well-defined seasons: the rainy season (February to May) and the dry season (August to November). The months June, July and December and January are considered transitional months between these two seasons [7] . During the collection of O. campechianum, to verify the possible influence of the climatic conditions in the yield and the essential oil chemical composition, the rainfall precipitation was monitored. During the whole period, rainfall varied from 50.0 mm (November) to 490.0 mm (April), respectively ( Figure 1) . The highest precipitation rates were registered in January, March and April, during the rainy season (400-490 mm) and the lowest rates in August, October, November, December and February in dry season (50-100 mm), respectively. During the seasonal study, the methyleugenol concentration was higher in the leaves/stems (84.2 ± 2.4%) compared to that of the inflorescences (79.6 ± 2.8%). The results of Tukey's test showed that methyleugenol concentrations in the leaves/stems displayed no statistical difference (p > 0.05). All compounds present in the samples showed a low correlation with accumulated rainfall, which suggests no influence of rainfall on composition (see table 2). [8] .
The chemical composition of O. campechianum oil cultivated in Pará state is rich in phenylpropanoids and classified in three chemotypes as: 1) elemicin, 2) eugenol and 3) methyleugenol [6] . The elemicin chemotype showed an oil yield of 1.0% (leaves) and 2.0% (inflorescences) and the elemicin contents were 65.9%, 9.2% and 39.4% in leaves, branches and inflorescences, respectively. The eugenol chemotype (32.3-60.0%) occurred in the leaves of specimens from the Amazon and Ecuador [6, 9] . The methyleugenol chemotype (62.0%) occurred in three specimens collected from Pará State (Brazil) [6] .
Methyleugenol is a phenylpropanoid found in many species, particularly in medicinal plants. It is used as flavoring in many types Conc. Concentration; LSEO: Leaves/stems essential oil; ME: Methyleugenol; NE: Not evaluated; *The values are expressed as means ± standard deviations (n = 3). Conc. Concentration; LSEO: Leaves/stems essential oil; ME: Methyleugenol; evaluated *The values are expressed as means ± standard deviations (n = 3).
of foods, soft drinks, sauces and in the perfumery industry; essential oils rich in this compound are widely used in aromatherapy [10] . It is an important chemoattractant for insect pollinators, moths and beetles in particular, in many flowers, and in some fruits, it serves as is a mimic of female pheromones of several flies [11] .
The values of mycelium growth of Fusarium oxysporum and Colletotrichum gossypii after 10 days showed that the O. campechianum essential oil and it major compound (methyleugenol) promoted a high inhibition against these phytopathogens (Tables 3 and 4 ).
The antifungal activity of essential oils from Ocimum species rich in terpenoids and phenylpropanoids has been related in the literature. The efficacy of O. selloi essential oil containing estragole, methyleugenol, β-caryophyllene, germacrene D, bicyclogermacrene and spathulenol was evaluated for controlling the growth of mycelia and spore germination of Moniliophthora perniciosa and Colletotrichum gloeosporioides with reduction of spore germination of 93.0 and 87.0%, respectively, at a concentration of 1000 g/mL [12] . The essential oil of O. gratissimum rich in methyleugenol displayed inhibition of growth to Botryosphaeria rhodina and two species of Alternaria [13] . [15] . In addition, the IC 50 value of methyleugenol against Fusarium solani f. sp. piperis was 500 μg/mL [16] .
The inhibition values of DPPH (%) to essential oils from leaves/stems and inflorescences and the pure compound methyleugenol were 36.0%, 41.6% and 33.4%, respectively. The most activity was observed in the inflorescence essential oil (68.4 mgTE/mL), which displayed an activity about fifteen times less than Trolox. The antioxidant activities of the essential oils (leaves/stems 58.5 and inflorescence 68.4 mgTE/mL) and methyleugenol (54.0 [20] . Ocimum canum oil rich in camphor (39.8%) was effective against DPPH (IC 50 523.6 μg/mL), hydroxyl radicals (491.1 μg/mL), metal chelating (781.4 μg/mL) and prevention of deoxyribose degradation (168.5 μg/mL). Antioxidant activity of oil was less when compared with positive controls such as ascorbic acid and BHT [21] Experimental Plant material and climate data: Ocimum campechianum was collected in Abaetetuba, Pará state and its wild seeds were propagated. After three months of growth leaves and stems and inflorescences, were collected monthly (between May 2014 and April 2015). Voucher specimens have been deposited in the Herbarium of Museu Paraense Emílio Goeldi (MG 213374) for cataloging and botanical identification. The information on monthly rainfall totals were obtained from the Instituto Nacional de Meteorologia (INMET) of the Ministério da Agricultura e Pecuária of Brazilian government web site (http://www.inmet.gov.br/portal/).
Extraction and chemical composition analysis of the essential oil:
The plant material was air-dried, ground and submitted to hydrodistillation using a Clevenger-type apparatus (3 h). The oils obtained were dried over anhydrous sodium sulfate and total oil yields were expressed as mL/100 g of the dried material [22] . The chemical composition analysis was performed by GC-MS, using a Shimadzu instrument Model QP 2010 Plus (Shimadzu, Tokyo, Japan), equipped with a Rtx-5MS (30 m × 0.25 mm; 0.25 μm film thickness) fused silica capillary column (Restek, Bellefonte, USA). Helium was used as carrier gas adjusted to 1.2 mL/min at 57 KPa; splitless injection of 1 μL, of a hexane solution (2:1000); injector and interface temperature were 250°C; oven temperature programmed was 60-240°C (3°C/min). EIMS (Electron Impact Mass Spectrometry): electron energy, 70 eV; ion source temperature was 200°C. The compounds present in the samples were identified by comparison of their mass spectra and retention indices with data present in commercial libraries as NIST (2011) [23] and Adams (2007) [24] . Retention indices were calculated using n-alkane standard solutions (C8-C32, Sigma-Aldrich, St. Louis, MO, USA), in the same chromatographic conditions. The GC-FID analysis was carried out on a Shimadzu QP-2010 instrument, equipped with FID detector, in the same conditions, except that hydrogen was used as the carrier gas. The percentage composition of the oil samples was computed from the GC peak areas.
Strains and fungal cultivation:
Colletotrichum gossypii and Fusarium oxysporum were provided by Universidade Federal de Pernambuco (Laboratory of Micology) and Embrapa tópico úmido (Laboratory of Phytopathology), respectively. The strains were cultured on potato dextrose agar (PDA) for five days, at 27°C, before the experiment to be carried out.
Effects of essential oil on mycelial growth:
The antifungal activities of leaves/stems from September oils and methyleugenol (Sigma-Aldrich ® , USA) were performed by the agar dilution method and expressed as percentage inhibition against the mycelial growth diameter. Aliquots of samples were incorporated in sterilized potato dextrose agar (PDA) medium at a concentration of 2.5 µL/mL. Mycelial discs (Ø, 0.9 cm) of C. gossypii and F. oxysporum were transferred to the center of the plates and incubated in the dark at 27°C. The mycelium growth was monitored over 7 days and the antifungal index was calculated according to equation Inhibition (%) = [1 − (∅growth of treatment)/(∅growth of control)] × 100. All treatments were tested in triplicate, and plates without the oil were used as control [16] .
Effects of essential oil on spore germination: The aqueous spore mixture was prepared at a concentration of 700 viable spores/mL and an aliquot of 100 L was plated out on PDA containing the samples at concentrations of 0.5 to 2.5 µL/mL. The dishes were kept at 26°C with photoperiod of 14h light/10h dark and the germinated spores were counted after 7 days. The viability of spores was determined by the number of germinated spores after 4 h on 1% agar in H 2 O using a Neubauer chamber. Inhibition (%) = [1 − (∅germination of treatment)/(∅germination of control)] × 100 [25] . 50 : O. campechianum oil and its main compound, methyeugenol, were incorporated in PDA medium at concentrations of 0.25, 0.5, 0.75, 1.0 and 2.5 µL/mL. The IC 50 values (concentration that inhibited 50% of the fungal mycelium growth) were calculated by Probit analysis and nonlinear regression using the software GraphPad Prism 5.0 [26] .
Determination of median inhibitory concentration, IC

Antioxidant assay:
The antioxidant activities of the essential oil of leaves/stems from September and methyleugenol standard were evaluated by the DPPH radical-scavenging method [27] . The samples were dissolved in methanol (20 mg/mL). Aliquots of 50 µL were mixed with 1950 µL of DPPH solution and incubated in the dark. After 60 min, the absorbance was measured at 517 nm (UVVis spectrophotometer, Biosystems RA2708, Costa Brava, Barcelona, Spain) and DPPH radical scavenging inhibition was calculated using the equation I(%)= [1-(Asample / Acontrol)]  100. The total antioxidant capacity was expressed as Trolox equivalents (TEAC) calculated from a standard curve with Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) (Sigma-Aldrich, St. Louis, MO, USA) at concentrations 0.25, 0.50, 0.75, 1.00 and 1.25 mg/mL. 
